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ABSTRACT 


This memorandum describes a method of queueing that is very 
useful for increasing the throughput to a sequential access 
memory. A method of using this technique is proposed for 
the No. 1 ESS Data Switching System Message Store. This 
technique makes it possible to meet the system requirements 
for the Message Store while using a single commercially 
available drum for each of the duplicated Message Stores. 
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MEMORANDUM FOR FILE 


Introduction 

This memorandum is the first of two memoranda discussing 
various techniques for increasing the throughput of the 
Message Store for the Data Switching System. This memo¬ 
randum covers the basic idea of queueing and how it applies 
to the Bryant Drums. The second memorandum discusses a 
queueing system for the Burroughs Disc File system. 

DAC System Background 

In order to better understand the requirements and needs of 
the Message Store, it is best to review very briefly the 
basic DAC system. DSEP #3 dated June 28, 1963, entitled 
"Extension of WADS to Use No. 1 ESS Office and to Provide 
New Service Features" established the system requirements 
for the DAC system while Department 24|?3 has mapped out the 
preliminary system and hardware requirements. Figure 1 
shows a block diagram of the DAC system. The Buffer Call 
Store (BCS), Character Assembler-Disassembler (CAD), Mes¬ 
sage Store (MS) and Tape Control (TC) all are connected to 
a Buffer Control (BC), which is, in turn, connected to a 
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Central Control (CC), by means of the Call Store Bus. The 
CC ties to many other units much as in a No. 1 ESS office. 

Normally, a message to be stored enters on one of the line 
terminals Into the CAD. The message characters In turn will 
be moved to the Buffer Call Store to build a memory word of 
2 characters and special flags as required. The memory words 
will be moved to a CS associated with CC for block assembly. 
Completed blocks are moved to the Buffer Call Store for 
delivery to the Message Store. The sending of a message Is 
just the reverse of the previous process. Writing the tapes 
through the tape control is accomplished by reading the desired 
message from the MS back into the BCS and then to the TC so 
that the tapes are arranged by messages rather than by blocks. 

The DSEP suggested that the DAC should be capable of handling 
750 terminals of 100 wpm teletype at 100$ line load. Real 
time limitations may limit the line handling capability to 
700 lines at a peak load between 80$ and 100$. The DSEP 
indicated that a multiple address factor of two should be 
designed for. That is, each message, on the average, must be 
delivered to two addresses. From the above, the data rate 
for message data to and from the MS can be calculated. How¬ 
ever, since the data will be in block format, the size of the 
block and message length both become important. The DSEP 
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indicates that the average message length will be 200 tele¬ 
type characters or 100 memory words. With heading included 
this should be increased to perhaps 250 characters. Figure 2 
shows the per cent wastage expected as a function of block 
lengths. These curves do not allow for variations in message 

lengths about the average. Similar curves of wastage where 

W-etre. 

variations in message length was considered have been compiled 

/ 

by Department 2443. In addition to block breakage, which 
causes the rise in wastage with block size on the right half 
of the chart, there is wastage due to chain linking which 
results in less wastage as the block size increases. The 
chain linking will probably use two words per block, one at 
the front of the block to identify the MS address of the block 
and one word at the end of the block to identify the address 
of the next block of the same message. From Figure 2 it 
would appear that a block size of 16 words would be the 
most desirable if the heading and text are stored separately. 
However, there are several other factors that must be 
considered. One of the most important factors for having larger 
size blocks is the throughput or rate of data flow to and 

ft 773 

from the MS. On most sequential access machines, the required 
to gain access to a given block 1 a -m >i e h ~.. 1 nn jhh.e gii/su *- 

JaJjQete- is much longer than the time required to transfer the 
data, once the data location is found. Thus for the block 

/ , / jrs i p jr«. s-ysteu-,- 

C A at. vet fz ir i i o « of ft t > j e.^ e S' € et* -e - (S <*•'*-*- 
^ / ^ ^ J ^r S t Fj /{/ i !/■ 2- fy / f 4 , 
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sizes being considered, the throughput possible is essential 
proportional to the block size. Also longer blocks require 
smaller maps of MS block use status to be maintained in the 
call stores. On the other hand, large blocks have a dis¬ 
advantage besides the high wastage. The size of the block 

* 

assembly call store is directly related to the block size and for 
outweighs the map storage requirements. The best balance of 
the above factors seems to favor a block size of 32 words and 
this size will be assumed throughout the remainder of this 
memorandum. 

Drum Storage Background 

Early studies by Department 2443 indicated that the drum storage 

system seemed the most suited for MS applications except 

/ 

that its throughput fell short of system requirements. The 
druin provides a relatively inexpensive mass memory media that 
is non-volatile and, perhaps most important, is available 
within the time boundaries imposed on the DAC project. 

The throughput is limited because it will, on the average, 
require one half revolution of the drum to obtain access to 
a particular block. Since some time is spent in data transfer, 
once the block is located, somewhat less than two block trans¬ 
fers per drum revolution should be expected. Several techniques 
are possible for increasing the throughput even with the above 


ar 
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restriction. For example, increasing the block size and 
increasing the drum speed both increase the throughput. 

However, increasing the block size increases the wastage 
(which, in turn, hurts the throughput) and increasing the 
drum speed has several disadvantages. First, the drive 
power increased rapidly as the speed increases; second, 
the mechanical reliability is decreased; third, drums 
having the desired capacity are not currently available 
in speeds higher than 1800 rpm. 

Other methods such as multiple heads per track or multiple 
drums could be considered but only with an increased cost 
penalty. 

Basic MS Data Requirements 

The requirements below are based on the assumptions dis¬ 
cussed under the DAC System Background and repeated in 
Appendix 1 with calculations for reference. 

Throughput - The throughput requirements for the MS 
are shown in Table I. This table gives the throughput 
in block transfers per sec. as a function of the office load 
factor. Also given is the BTR (Block Transfer Rate) for 
an 1800 rpm drum. Assuming a maximum office loading 
of 0.9 and the message heading and text stored separately, 
about 180 block transfers per sec. or a BTR of 6 for an 
1800 rpm drum is required to meet the system needs. 
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It is of interest to note that a 36OO rpm drum with a 
block size of 64 words would come very close to meeting 
the system throughput requirements. Such a drum could, 
on a random basis, access 2 blocks per revolution or 
120 sixty-four word blocks per second. This is equivalent 
to about 200 thirty-two word blocks per sec. when the extra 
wastage of the larger block size is considered. Unfor¬ 
tunately the available 36OO rpm drums fall short on storage 
requirements. 

Total Storage - The total storage requirement is a some¬ 
what more nebulous number than that for throughput. Here 
total storage is taken to be the bits which can be trans¬ 
ferred to or from the drum including wastage as previously 
discussed. Not included are guard bits or drum control 
bits such as found in clock and address channels on the 
drum. It can be shown that about 2 x 10^ bits of storage 
are needed per minute of holding time. The holding time 
is primarily a function of the loading factor of the office. 
Assuming all messages are held until completely delivered and 
an average message length of 230 characters, the holding time 
is about 3.5 minutes for a .8 loading factor and about 6 

minutes for a .9 loading factor. Prom this it would appear 

£ 

that 12 x 10° bits would be sufficient. 
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However, since many messages cannot be sent until they are 
entirely received due to an upward speed conversion, an extra 
penalty may be paid for long messages. This is of particular 
importance in considering interoffice traffic which probably 
will be accomplished with high speed data links. This, 
therefore, requires that nearly all interoffice traffic 
(between DAC offices) will require an upward speed shift 
and hence an increased storage capacity. For example, a 
half hour message generated by one 100 word per minute line 
and addressed to only one receiver with a higher speed line 
may effectively tie up more than l/4 million bits of 
memory for periods varying from 20 to 60 minutes or more 
depending on the receiver speed and availability. 

To allow for the increased requirements resulting from upward 
speed shifts and large message sizes, the over-all storage 
requirement is increased to approximately 20 x 10 bits. 
Message Store Queueing 

Queueing is a method of circumventing the necessity of using 
the drum in a random access mode of operation. Instead of 
searching for a particular block of information, a hunt is 
made for n blocks of information where these n blocks 
have been ordered in a list or queue corresponding to the 
order in which these blocks will be available from the drum. 
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Obviously if the list is large enough and properly ordered, 
the drum could be kept continually in use transferring data 
with no access time. Actually the operation of an endless 
queue can be performed by utilizing two queues, one of which 
is being used to address the drum while the other is being 
prepared by the data processor. The later list would be 
organized such that the first order (address) would follow 
immediately behind the last order of the previous list. When 
the first queue is completed the drum performs the work re¬ 
quested in the second queue and the first queue is reloaded 
with additional work. 

The throughput is thus no longer limited to two per revolution 
but more nearly approaches the number of blocks on a track of 
the drum. In systems where the bits are written serially on 
a given track, the number of blocks per revolution is limited 
by bit densities and block sizes to numbers under 50 for present 
drums. This number could be greatly increased if the data 
were written in parallel or a form of series parallel com¬ 
bination. Since the data of a block would then be spread over 
more than one track, then the number of blocks available in 
a revolution would also be increased. Since the DAC system 
needs about 6 block transfers per revolution, the simpler 
serial mode of operation will be assumed. 
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Queueing with the Bryant Drum for DAC 

Queueing Is Ideally suited to the DAC System. A work list of 
blocks to be transferred can be readily obtained from the over¬ 
flow block Information contained In one of the Central Control 
Call Stores and, for the case of reading from the drum, from 
the blocks assigned In the Central Control Call Store to re¬ 
ceive Information from the drum. This list would probably consist 
of a time ordered push-down list. Prom this list, the queues can 
be derived. The queue and the associated blocks could be 
placed In the BCSCj Buffer Call Store which has ample room for 
a reasonable sized queueing structure since the CAD Is ex¬ 
pected to use only about 25 % of the BCS capacity. 

The Bryant drum being considered for MS use is an 18.5" 
diameter, 1800 rpm drum with 1024 data heads and tracks. 

The capacity of this drum is in the range of 16 x 10^ to 

g 

32 x 10 bits depending on the bit density that can be 
obtained and used in a reasonable manner. 

The storage density (and storage capacity) is partly con¬ 
trolled by the data rate available between the BCS and the 
MS. The data transfer rate is limited by the data bus which con¬ 
nects the BC, TC, MS and BCS together. Basically it is a 
matter of time sharing the BCS among the units mentioned plus 











10 


CC and the CAD on a priority basis. Department 2443 studies 
indicated that MS could use the bus no more than once every 
five or six 5*5 M-sec cycles with lower usage desirable. 

System Proposal One 

Assuming a maximum usage of 1 cycle in 6 for the MS and 
serial block format on the Bryant drum* the following system 
was proposed by Department 2423. -s 

The drum would be operated at 1800 rpm ± 5$ with twenty-eight 
data blocks on each track. Two queues of 8 instructions each 
would be utilized in the BCS. In this mode of operation it 
did not seem feasible to obtain access to adjacent blocks on 
the drum for two reasons. First, some time is necessary to 
read the queue instructions and this preferably is not done 
until data transfer is completed on the block being processed; 
also time is required after head selection operations to allow 
switching transients to decay sufficiently to make reading the 
drum possible. With this in mind and thinking of the blocks 
as being numbered sequentially around the drum, it was pro¬ 
posed to make one queue for even blocks only and one queue 
for odd numbered blocks. At first glance this seems inefficient. 
It is, in fact, not as efficient when only a small work load is 
given the drum. Fortunately it reduces to essentially the same 
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efficiency as could be obtained without the odd-even queue 
restrictions at high load conditions. High load Is assumed 
here when the push-down list has more than 28 entries, the 
total number of data blocks per trunkv * 

The lengths of the queues do not affect the system through¬ 
put as long as the system can fill the queues faster than 
the drum can process the orders. However, when the system 
Is lightly loaded It Is necessary to provide some means 
of preventing the MS from transferring rapidly from one 
queue to the other looking for work and possibly Inter¬ 
fering with loading the queue. To aid this operation, 
each of/\8 orders comprising a queue must result In some 
minimum real time usage of the drum; that Is, when there 
Is Insufficient work to fill a queue with work orders, 
the queue will be filled as necessary with no-op (no 
operation required) orders that will cause the drum to 
do nothing but mark time for a period equal to two block 
transfer times. Thus the drum will spend a minimum time 
of 19 msec processing either queue. This gives CC suf¬ 
ficient time to prepare one queue while the drum is working 


on the other. 
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The queue as proposed might appear as In Figure 3, showing 
the even and odd queue as stored In the BCS. Each queue 
order consists of two BCS words. One word contains the MS 
block concerned In the data transfer, while the second 
word contains the BCS address of the beginning of the data 
block plus suitable Instructions Indicating the direction 
of desiredcfeta transfer. The second word also provides 
space for the MS to write a status report back Into BCS 
upon completing a block transfer. 

An interesting feature of this operating mode is that Its 
efficiency increases with the work load and with the size sample 
taken from the push-down list to derive the queues. Figure 4 
is a plot of the block transfers per revolution possible 
plotted against the size of the work list from which the 
queues are derived. The probability calculations for this 
curve are discussed in Appendix 2. From the curve it can 
be seen that if 32 items were available for transfer, we 
should on the average be able to transfer 9.6 blocks on each 
of the next two revolutions. Of more importance is the 
number of items that will have to exist in the work list to 
maintain an average of 6 transfers per revolution of the 
drum as required by the system. This number can be seen to 
be about 17. This states that during high loading on the 
office the push-down list should average about 17 items. 
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The actual push-down list should have a much larger capacity 
to allow for peaking and special functions such as drum 
maintenance. It may be desirable to do maintenance operation 
on the drum for one or several revolutions of the drum. This, 
of course, means that the allowable length of the push-down 
list will probably exceed 100. In order to recover from peaks 
or maintenance interruptions it will be necessary to transfer 

b 

more than £ blocks per revolution. It is therefore suggested 
that the bottom 32 items of the push-down list be scanned for 
possible use in the queues during the next two revolutions of 
the drum. Then as mentioned before, the block transfer rate 

should be 9*6 blocks per revolution which should rapidly reduce 

17 

the push-down list to the balance level of about 14- items. 

This proposal also gives sufficient total storage to meet the 
system's requirements. The total storage is 29 .,672 data blocks 
or about 22-3/4 million bits. 

System Proposal Two 

System proposal two differs from proposal one in two ways. 

\ 

First, rather than 2o blocks per -trunk sequentially around 
the drum, that 32 blocks be placed in each trunk with the 
words of block 0 and block 1 interleaved, the words of block 
2 and block 3 interleaved etc. In addition between each 
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pair of blocks a space would be left on the’ drum corresponding 
to about 225 Ntsec to allow the MS to interrogate the queue in 
the BCS. This system would allow data to be transferred to 
any of the 16 even queues in one revolution and any of the 
16 odd queues in the following revolution. This provides several 

advantages to the system. The interleaving of the words lowers 

1 Sit 

the maximum bus usage from one cycle in 6 cycles (proposal one) 

to one cycle ey-t—e-f ten. The throughput is increased ±4?-^ 

Because of the increase in the number of blocks per trunk; which 

c 

of course, also increases the total storage to about 25 x 10° 
bits. Also, the -other awkward number 28 is replaced by a binary 
number 32 which improves the efficiency of the data handling 
process. 

The second part of proposal two is the use a dedicated queueing 
structure and was suggested by Department 2443. This proposal 
would use two queues of 16 rather than two queues of eight 
with each of the 32 queue words having a one to one correspondence 
with the 32 block positions around the periphery of the drum. 

t (re- 

Thu s even queue word 0 is always an order for/Block 0 position 
on the drum etc. This system reduces the number of bits 
required in the queueing instruction since the MS knows when 
it interrogates a queue, the block position involved on the 
drum. It need only obtain the trunk address and mode of 
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operation. This allows each queue order to contain only 
one word rather than two used in proposal one since the 
four bit saved appear to be sufficient for use as a 
status report. 

Proposal two increases the throughput as seen by Figure 5. 

With 32 items considered from a work list the block trans¬ 
fer rate is 10.2 blocks per revolution. The calculations 
are included in Appendix 2. 

Although this proposal seems very desirable it does increase 
the bit density and bit frequency requirement on the drum. 

The bit frequency is increased from approximately from 725 KC 
to 950 KC. At this time* this appears to be the possible 
and therefore the use of this system proposal is contemplated. 

Other Uses Of Message Queueing 

The form of queueing discussed in this memorandum is applicable 
to all forms of sequential access memories. It is, however, 
practical only when the time required to switch from one track 
or channel to another is small (equal or less than the time 
required to transfer a block). Thus the system is well suited 
to drum memories and delay line memories where a read and/or 
write head is assigned to each track or channel. 
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This system is not easily adapted to most disc systems (the 
Burroughs disc file is an exception as it has a fixed head 
per track). Most disc files have mechanical head positioning 
systems with positioning times in the order of 100 irsecs even 
for small position changes. Since no data can be transferred 
during the positioning time it is desirable to again have a 
queue list to perform as many transfers as possible at each 
head position. However, if the data list is random in nature, 
the length of the list would have to contain several thousand 
orders to meet the data transfer rate required for the DAC 
system. For example, the Bryant Disc File which has 128 
positions for each head and a rotational speed of 1200 rpm would 
require that 5000 items be scanned to just meet the .system's 
requirements with no margins. Multiple positioning systems 
can cut this number by only two. The list could also be 
reduced by using a disc file with fewer head positions. 

The 5000 items mentioned above would be costly in both pro¬ 
cessing time and storage requirements, the latter since one- 
fourth of the 5000 could be expected to be overflow blocks, 
each containing 32 words or a total of 40,000 words. This 
would fill 5 call stores plus their duplicates. 

Summary 

In this memorandum the basic concept of queueing has been 
presented as it applies to increasing the throughput of a 
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sequential access memory. In particular, the queueing con¬ 
cept is applied to the DAC Message Store. The simple queue¬ 
ing system allows presently available drums to be used while 
fulfilling the DAC system^ requirements with confortable 
throughput margins. Without queueing, the system require- 

ments could not -be met unless many smaller high speed drums 

/?3Ve bee?? 

were used and then no throughput margin could be- provided. 
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Appendix 1 


Throughput Requirements: 

The throughput calculations are based on the following 
assumptions. 

1. 700 terminals of 100 wpm half duplex teletype. 

2. A multiple address factor of 2. 

3. Two teletype characters per MS word. 

4. Each block contains 32 MS words. 

5. Per cent Block Wastage for heading and 

/S' 

text stored together - -9®$* Heading and 
text stored separately-27$. 

6. Every input message is also transferred to 
tape. Therefore each active line has a data 
rate of 600 characters/minute or 5 MS words 
per second. The throughput in block transfers 
per second (BTs) can be calculated from the 
equation below. 

BTs = N of lines X L.F. X MS words/line/sec X 4/3 

Words per Block X (1 - % Wastage) 

100 

where L.P. is the load factor or fraction of 
total lines in an active status. 

Using the numbers previously specified the equation becomes: 

700 X L.F. X 3 X 4/3 

32 X (1 - Jo Wastage) 

100 


BTs 
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The results of this calculation are Included In Table 1 
for various values of L.F. and for heading stored with 
text and stored separately from text. Also shown In 

at~t. 

Table 1 4s the block transfers per revolution (BTR) 
assuming an 1800 rpm drum for message storage. 











Appendix 2 


This appendix is a discussion of the method used to 
calculate the values for Figures 4 and 5* which plot the 
average number of block transfer per drum revolution 
(BTR) as a function of the number of entries in the push 
down work list considered for filling the queues. 

The method for computing the data for Figure 5 (System 
Proposal two) will be covered first since the method used 
to compute data for the System Proposal one is merely 
an extension of that used for Systems Proposal two. 

System/ Proposal two calculations 

In calculated BTR for system proposal two the following 
assumptions were made. 

c- \ S 

1. The number of data -t-runks (1024) on the 
Bryant Drum is sufficiently large to 
reduce the probability problem to a sorting 
problem with replacement. That is, the pro 
bability that a work entry in the push-down 
list requires work from a particular/;number 
around the drum, is not affected by the 
contents (block number) of other work 
entries within the push-down list. 
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2. The program is arranged so that the information 
to fill both queues is calculated at the same 
time. That is, the data processor will examine 
the bottom "C" entries of the work list and 
attempt to obtain the data for both the even 
and odd queues. This operation would be per¬ 
formed once every two revolutions of the drum. 

The data for one queue could normally be 
transferred immediately to the Buffer Call 
Store (BCS) and the data for the other queue 
transferred to the BCS at the beginning of the 
next revolution. 

If the data for the odd and even queues are calculated at 
separate times with each calculation drawing from "C" 
entries, then a slightly higher BTR rate will be obtained 
for some values of "C." 

The method of calculating BTR as a function of "C" is given 
below. 

BTR = 1/2 B x P (n;c,B) for n >0 (l) 

where 

BTR is the average number of block/j transfers per 


revolution. 
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c is the number of entries in the push-down list 
considered for filling the queues. 


b is the number of blocks per trunk around the drum, 
n is the number of entries for a particular block 
number. 

P(n;c,B) is the probability of n entries for a 
given block number around the drum as a function 
of c and B. 


P(n;c,B) = 1 - P (OjC,B) for n > 0 


( 2 ) 


In general 



(3) 


where 

C(c,n) is the number of ways of having n entries 
for a particular block number. 


(B-l) c n is the number of ways of spreading the 


c-n entries among the other blocks. 


the 

B C is/total number of ways in which c entries can be 


distributed among B blocks. 


However, for the special case of n=0. 


P(0;c,B) = C(c,0) x (B-l) ° 


( 4 ) 











A-4 


Therefore, combining equations (l), (2), and (4) 
yields 


BTR = 1/2 B x 


(B^l 0 

B° 


For 32 words per block equation 5 becomes 
BTR = 16 x (■2i) c . 


( 5 ) 

( 6 ) 


This can be best calculated for various values of c by 
using logarithms or by rewriting the equation and using 
the binominal expansion on equation ( 7 ) below. 

BTR = 16 (-2|^i ) 0 

= 16 (I- 3 I ) 0 (7) 

System Proposal One Calculations 

In this proposal the time to enpty a queue is not 
necessarily equal to one revolution as it is in 
proposal two. However, the probability calculations# 
in the previous section^ are also valid for proposal 
one if properly interpreted. Equation ( 5 ) of the last 
section gave a general expression for BTR. The actual 
value being calculated in equation 5 is the average 
number of queue orders per queue that can be filled 
from "C" entries in the work list. In system proposal 
two the value for BTR is the same as the average number 
of queue orders per queue. Since this is not true for 
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system proposal one the equation is rewritten below to 
apply to proposal one. 

M = B x (8) 

B C 

where M is the average number of queuegs entries available 
from "C" entries in the work list. The values for M with 
B = 28 are plotted as Figure 6. 


To calculate BTR from M it is necessary to calculate the 
average number of revolutions to empty a queue as a 
function of M. This again is a probability problem and 
was worked out assuming that the data for both queues 
is calculated at one time. Thus the problem resolves to 
one of finding the number of revolutions required to 

empty both queues with the proper weighting factors applied 

<4 

to each of the permutations that can occur with the value 
M divided between the two queues. Table 2 lists the number 
of revolutions required to empty a queue as a function of tSfe 

P, the number of orders in the queue. The values for table 2 

FhOTJ? 

are calculated the following equations. 


Revolutions = 1-_1 t- 1 + 8-P 

2P 28 VT 

iP at /y 


(9) 
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The first three terms of the equation determine the 
average number of revolution^to locate and process 
P orders, the last term is the number of revolutions 
required to "No op" the remainder of the queue assuming, 
as previously discussed, that 2 block transfer periods 
are wasted for each "No Op" instruction in the queue. 
Figure 7 plots the average number of revolutions to 
empty M orders divided among the two queues. Figure 4 
then plots the values of BTR for system proposal one. 
Figure 4 is plotted by first finding the value of M 
for a given value c, then finding the average number 
of revolutions to empty M orders from Figure 7 where 


BTR = M 


average number of revolutions to empty 2 M 






















TABLE I 


Block Transfer Requirements For No. 1 ESS DAC Message Store 

Assumptions 

1 . 700 terminals of 100 wpm half duplex teletype. 

2. A multiple address factor of 2. 

3. Two teletype characters per MS word. 

4. Each block contains 32 MS words. 

5. A block wastage of 18$ for heading and text 
stored together and 27 $ for heading and text 
stored separately. 

6 . Every input message transferred to tape. 


Load Factor 

- "8 - 

• 9 

1.0 

Heading and Text 

Stored together (T) 

Separately (s) 

T 

S 

T S 

T S 

Block Transfers 





per sec. 

142 

160 

159 I 79 

177 200 

Block Transfers 





per revolution 





at 1800 rpm 

4.74 

5.33 

5-30 5.96 

5.90 6.67 


















TABLE II 


Number of Drum Revolutions required to empty a 
a function of P, the number of orders assigned 


p 

Number of Revolutions 

0 

0.57 

1 

1.03 

2 

1.21 

3 

1.22 

4 

1.19 

5 

1.15 

6 

1.10 

7 

i.o4 

8 

.97 

9 * 

.98 

10* 

.98 

ll* 

.99 

12* 

.99 

13* 

1.00 

14* 

1.00 


queue as 
to a queue. 


-^Indicates that order would be entered in a subsequent 
filling of the queue along with other entries. 
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APPENDIX 2 


This appendix is a discussion of the method used to calculate 
the values for Figures 4 and 5 , which plot the average number of 
block transfer per drum revolution (BTR) as a function of the 
number of entries in the push-down work list considered for filling 
the queues. 

The method for computing the data for Figure 5 (System Proposal 
two) will be covered first since the method used to compute data 
for the System Proposal one is merely an extension of that used 
for System Proposal two. 

System Proposal two calculations . 

In calculating BTR for system proposal two the following assump¬ 
tions were made. 

1. The number of data tracks (1024) on the Bryant 
Drum is sufficiently large to reduce the proba¬ 
bility problem to a sorting problem with replace¬ 
ment. That is, the probability that a work 
entry in the push-down list requires work from a 
particular block number around the drum, is not 
affected by the contents (block number) of other 
work entries within the push-down list. 

2. The program is arranged so that the information 
to fill both queues is calculated at the same 
time. That is, the data processor will examine 
the bottom "c" entries of the work list and 
attempt to obtain the data for both the even 
and odd queues. This operation would be per¬ 
formed once every two revolutions of the drum. 

The data for one queue could normally be trans¬ 
ferred immediately to the Buffer Call Store (BCS) 
and the data for the other queue transferred to 
the BCS at the beginning of the next revolution. 

If the data for the odd and even queues are calculated at sepa¬ 
rate times with each calculation drawing from "c" entries, then 
a slightly higher BTR rate will be obtained for some values of 

ft _ It 


The method of calculating BTR as a function of "c" is given below 


where 


BTR = 1/2 B x XP (n;c,B) 
n=l 


(1) 


BTR is the average number of block transfers per 
revolution. 















A - 2 


c is the number of entries in the push-down list 
considered for filling the queues. 

3 is the number of blocks per track around the drum. 

n is the number of entries for a particular block 
number. 

P (n;CjB) is the probability of n entries for a 
given block number around the drum as a function 
of c and B. 

/ / 

c 

2P(n;c,B) = 1 - P (0;c,B) (2) 

n=l 


In general 


P(n;c,B) 


C(c,n) x (B-l ) 

B° 


c-n 




(3) 


where 


C(c,n) is the number of ways of having n entries 
for a particular block number. 

(B-l) c_n is the number of ways of spreading the 
c-n entries among the other blocks. 

B is the total number of ways in which c entries 
can be distributed among B blocks. 

However, for the special case of n =0. 

P(0;c,B) - - C 1 C -' Q > * 

B C 


= (B-1) C 




Therefore, combining equations (l), (2), and (4) yields 

,ci 

BTR|= 1/2 B 


1 - 


(B-l )‘ 
,c 


B 


(5) 


















A - 3 


For 32 words per block equation ( 5 ) becomes 


BTR = 16 1 



( 6 ) 


This can be calculated for various values of c by using 
logarithms or by rewriting the equation and using the bi¬ 
nominal expansion on equation (7) below. 




07) 


System Proposal One Calculations 

In this proposal the time to empty a queue is not necessarily 
equal to one revolution as it is in proposal two. However, 
the probability calculations in the previous section are also 
valid for proposal one if properly interpreted. Equation ( 5 ) 
of the last section gave a general expression for BTR. The 
actual value being calculated in equation ( 3 ) is the average 
number of queue orders per queue that can be filled from "c" 
entries in the work list. In system proposal two the value 
for BTR is the same as the average number of queue orders per 
queue. Since this is not true for system proposal one the 
equation is rewritten below to apply to proposal one. 



( 8 ) 


M = B 1 


where M is the average number of queue entries available from 
"d" entries in the work list. The values for M with B = 28 
are plotted as Figure 6. 

To calculate BTR from M it is necessary to calculate the average 
number of revolutions to empty a queue as a function of M. This 
again is a probability problem and was worked out assuming that 
the data for both queues is calculated at one time. Thus the 
problem resolves to one of finding the number of revolutions re¬ 
quired to empty both queues with the proper weighting factors 

































> 


i 


A - 4 


applied to each of the permutations that can occur with the value 
M divided between the two queues. Table 2 lists the number of 
revolutions required to empty a queue as a function of P, the 
number of orders in the queue. The values for Table 2 are cal¬ 
culated from the following equations. 



Revolutions =1 - — + — + —- 

2P 28 14 


(9) 



The first three terms of the equation determine the average num¬ 
ber of revolutions to locate and process P orders, the last term 
is the number of revolutions required to "No op" the remainder of 
the queue assuming, as previously discussed, that 2 block transfer 
periods are wasted for each "No op" instruction in the queue.* 
Figure 7 plots the average number of revolutions to empty M orders 
divided among the two queues. Figure 4 then plots the values of 
BTR for system proposal one. Figure 4 is plotted by first 
finding the value of M for a given value c, then finding the 
average number of revolutions to empty M orders from Figure 7 where 


BTR 


M 


average number of revolutions to empty 2M 



*for P the fourth term vanishes 
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MEMORANDUM FOR FILE 


Introduction 

This memorandum is the second of the two memoranda* discussing 
techniques for increasing the throughput of the Message Store 
for the Data Switching System. The first memorandum covered 
the basic idea of queueing and its application to the Bryant 
Drums. This memorandum discusses a queueing system for the 
Burroughs Disc File. 

Disc File Background 

The Burroughs Disc File has a data head for each data track 
making it adaptable to the queueing concepts as discussed in 
Part One„ 

A total of 1200 active data heads and tracks is provided in 
each memory unit. These heads are multiple flying units 
with 13 heads mounted in each data head block. Each memory 
unit contains four discs as shown in Figure 1. The discs 
are mounted 2 on each side of the bearing housing with the 
drive motor mounted below the main frame and connected by 
belts to the disc shaft. The speed of rotation is about 
1500 rpm. The discs on each side are closed in a dust-tight 
cover to protect the discs and heads from possible damage and 
minimize maintenance. 

Each disc face is divided into three data zones plus one 
clock zone. Each data zone contains 50 tracks while 6 
tracks are provided in the clock zone. Actually 52 tracks 
are located in each data zone but two are allotted by the 
manufacturer as spares and wiring is provided to only 50 
heads per zone. The zone locations are shown in Figure 2. 

Two clock channels per disc side are assigned to each data 
zone, providing a bit clock and a word clock per zone. As 
used by Burroughs each disc face is treated as a separate 
memory with a new address search required whenever data is 
to be transferred from a different zone or disc face. 
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The discs are capable of recording better than 1000 bits 

per inch with NRZ (non-return to zero) recording, with 

less than a 50$ reduction in readout amplitude from that 

obtainable at low bit densities. ( 

Proposed Storage Organization for DAC 

The proposed storage arrangement is designed to optimize the 

throughput of data with queueing and at the same time, to 

hold the bit densities as close as practical to those normally- 

used by the Burroughs Corporation. Basically, each disc 

face is divided into 16 identical sectors, one of which is , 

shown in Figure 3* The zone divisions are identical to the 

zone division of Figure 2. The angular subdivision of the 

sector is of more importance. The larger sector is the data 

section while the smaller sector is the control section. 

Thus on each disc there are l6 data sections and l6 control 

sections. Furthermore, the storage arrangement is such 

that all disc faces are essentially at the same relative posi¬ 
tion (relative to their data heads) at any given time. That 

is, when a particular data head on either side of disc one 
is entering the data section of sector 3 , all heads of all 
discs are entering the data section of sector 3« 

The time required to cross a data section is 2290 psecs, a 
control sector 210 psecs (assuming exactly 1500 rpm for the 
disc rotational speed). 

This organization is designed so that during the control 
section, any data head can be selected, and during the data 
section, one block (32 words of 24 bits) of data can be 
transferred to or from the message store. The data block 
transferred could be any block of data in that sector of 
the entire disc file. 

Within a sector, the data is organized as shown in Figure 3- 
In Zone 1, three blocks per track are provided; Zone 2 has 
four blocks per track; Zone 3 has five blocks per track. 

Moreover, the words of each block on each track are inter¬ 
leaved. Thus for Zone 1, Track 0, the sequence of words 
within a data section is; 

Word 0 of Block 0 

Word 0 of Block 1 

Word 0 of Block 2 

Word 1 of Block 0 1 

etc . 
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Each word is written as a series string of 24 bits on a 
tracko Two guard bits are used to separate each word from 
its adjacent word. Since NRZ recording is to be used, the 
first guard bit time is used to turn the read or write cur¬ 
rent off or on. The second guard bit is always recorded as 
a one so that the first flux change on readout will be 
known to be a zero. Thus each Zone 1 data track contains 
2,494 bits per data sector or a bit frequency of 1.09 me. 

Bit frequencies for Zones 2 and 3 are 1.45 me and 1.82 me 
respectively. 

The word transfer rate, because of the word interleave, is 
the same regardless of the zone. At the disc nominal rota¬ 
tional speed of 1500 rpm, the word transfer rate is one word 
every 71*5 M-sec or one word for thirteen 5-5 qsec system 
cycles. Since the speed tolerance is about ±5$, the word 
transfer rate may run as high as one word for 12 system 
cycles or as low as one for 14 system cycles. 

This storage arrangement provides for the storage of 73^728 
blocks of data, or about 56.7 million bits of data. In 
terms of usable system information storage, this amounts 
to nearly 3000 messages of 250 words assuming a waste factor 
of 32 $ and a packing of 3 characters per memory word. 
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Queueing Applied to the Disc File (Proposal Three) 

The queueing system best adapted to the disc file is an 
extension of the system Proposals One and Two discussed in 
Part I. The queueing system suggested is a queue of 16 
instructions corresponding to the 16 sectors around the 
drum. The instruction for a given sector could be for any 
block within that sector and would not be limited to odd 
or even as in Proposal Two for the drum. Two queueing 
lists would still be provided in the Buffer Store so that 
one can be prepared by the system while the other is being 
executed by the Buffer Control - Message Store complex. 

With this queueing system the system would probably prepare 
only one queue list at a time which should occur once each 
revolution of the disc file (40 msec). Thus the system 
would have to prepare a queue more frequently than with 
the other proposals* but need only perform a 1 out of 16 
sorting rather than 1 out of 28 or 32. This is important 
in that the probability for filling a queue of 16 is higher 
than for filling a queue of 32 from a given work list. 

A comparison of the throughput for the Burroughs Disc Pile 
(Proposal Three) with Proposal Two discussed in Part I is 
shown as Figure 4. For values of "c" (number of entries 
in the push-down list considered for filling the queues) 
less than 40* the throughput is better for Proposal Three. 
In terms of block transfers per revolution (BTR) Proposal 
Three throughput is always as high or higher than Proposal 
Two but the decreased rotational speed of the disc file 
relative to the drums results in lower throughput per unit 
time for large values of "c". 

The values for BTR for Proposal Three are derived from the 
following equations 


BTR = B 


where B is the number of sectors around the disc. 

This equation is taken from equation (5)> Part I* except 
that the factor of one half is removed from the equation 
since any of the sectors can be utilized in each revolution 
in Proposal Three whereas only one half could be used per 
revolution in Proposal Two. Thus* for B = 16* the above 
equation reduces tos 



BTR “ 16 - (if) ° 
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Summary 


Proposal Three as used with the Burroughs disc file will 
provide a Message Store capable of storing more than 
70,000 blocks of data with a throughput of 330 blocks per 
sec. This throughput corresponds to a data transfer rate 
at the DAG terminals of 90 thousand bits per sec. for two 
characters per memory word and 120 thousand bits per sec. 
for three characters per memory word. Since the three 
character packing seems most likely the disc system will 
be able to provide the 100 thousand bits per sec. through¬ 
put specified for the DAC system. 



H0-2423-LEG-VFP 


L. E. GALLAHER 


Att. 

Figures 1-4 




















rtf 


16 


10 00 

O 


o 


o 


o 


o 



A/ott* Scol/a 


ISSUE 


o < 

bJ cvl 


5 ® 

DC 7 

a. u 


F* f / 


ENGR 


DRAWN 

? /->" <4 


TITLE 


JP/SC /Memory U»i t 

/ > c u "- 


BELL TELEPHONE LABORATORIES 

INCORPORATED 


SHEET 

NO. OF SHEETS PER SET 


OGILVIE PRESS. INC. -CIS 





















































































o 

o 


o 

o 



z. 2 ? 


W'© K«/ / 

V/$ k *1 I 
U/o * / 

v/ov'A o 
\y o v d 0 
\ftor ^ 0 

Got* t 
O o * ?V« 


£/*dA Z 
&/otk ! 
b/o<ik o 
B / o c /t 2 

A / 

Stock o 

/ 


3 J. 


o ■? 

S2 

Z ea 


ISSUE 


Fr 



ENGR 

TITLE 

ft/ sc 

^0*'- C/ ?/ // it? a-'d'/ oti 

BELL TELEPHONE LABORATORIES 
INCORPORATED 

3 

DRAWN 


SHEET 





NO. OF SHEETS PER SET 



































CM « 

ID - 

0> Z 

in - in 

W 2 o 


rO'f 
2 U ® 

F DC X 

< “d 
o«> 

o j« 

-J u (M 
J. ti. 

* D 
U1 u 
(/) * 



■3 & S 


-y « 


</ J.& 










































o *3 ^ 

o o 

> o 

; $. 












































































































































































































































































No. 1 3SS - Ways of Increasing Through- March 3, 1964 

put of DAC Message Store - Part II - 

Case 39215-25 L. E. Gallaher 

MM-64-2423- 

ABSTRACT 

This memorandum describes a method of queueing that Is adapt¬ 
able to the Burroughs Disc File. The organization of informa 
tion storage on the discs is presented. This organization, 
along with queueing, provides sufficient throughput to meet 
the DAC system requirements. 

























No. 1 SSS - Ways of Increasing Through- March 3# 1964 

put of DAC Message Store - Part II - 

Case 39215-25 L. E. Oallaher 

MM-64-2423- 


Introductlon 

This memorandum is the second of the two memoranda discussing 
techniques for increasing the throughput of the Message Store 
for the Data Switching System. The first memorandum covered 
the basic idea of queueing and its application to the Bryant 
Drums. This memorandum discusses a queueing system for the 
Burroughs Disc Pile. 

Disc Pile Background 

The Burroughs Disc Pile has a data head for each data track 
making it adaptable to the queueing concepts as discussed in 
Part One. 

A total of 1200 active data heads and tracks is provided in 
each memory unit. These heads are multiple flying units 
with 13 heads mounted in each data head block. Each memory 
unit contains four discs as shown in Plgure 1. The discs 
are mounted 2 on each side of the bearing housing with the 
drive motor mounted below the main frame and connected by 
belts to the disc shaft. The speed of rotation is about 
1500 rpm. The discs on each side are closed in a dust-tight 
cover to protect the discs and heads from possible damage. 
















Each disc face is divided into three data zones plus one 
clock zone. Each data zone contains 50 tracks while 6 
tracks are provided in the clock zone. Actually 52 data 
tracks are located in each zone but two are allotted by 
the manufacturer as spares and wiring is provided to only 
50 heads per zone. The zone locations are shown in 
Figure 2. Two clock channels per disc side are assigned 
to each data zone providing a bit clock and a word clock 
per zone. As used by Burroughs each disc face is treated 
as a separate memory with a new address search required 
whenever data is to be transferred from a different zone 
or disc face. 

The discs are capable of recording better than 1000 bits 
per inch with NRZ (non-return to zero) recording, with 
less than 25# bit crowding. 

Proposed Storage Organization for DAC 

The proposed storage arrangement is designed to optimize the 
throughput of data with queueing and at the same time, hold¬ 
ing the bit densities as close as practical to those 
normally used by the Burroughs Corporation. Basically, 
each disc face is divided into 16 Identical sectors, one 
of which is shown in Figure 3* The zone divisions are 
identical to the zone division of Figure 2. The radial sub¬ 
division of the sector is of more importance. The larger 
sector is the data section while the smaller sector is the 
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control section* Thus on each disc there are 16 data 
sections and 16 control sections. Furthermore, the storage 
arrangement is such that all disc faces are essentially at 
the same relative position (relative to their data heads) 
at any given time. That is, when a particular data head 
on either side of disc one is entering the data section 
of sector 3, all heads of all discs are entering the 
data section of sector three. 

The time required to cross a data section is 2290 ixsecs 
while 210 tisecs are used for each control section (assuming 
exactly 1500 rpm for the disc rotational speed). 

Uiis organization is designed so that during the control 
section, any data head can be selected and during the data 
section, one block (32 words of 2k bits) of data can be 
transferred to or from the message store. The data block 
transferred could be any block of data in that sector of 
the entire disc file. 

Within a sector, the data is organized as shown in Figure 3. 
In Zone 1, three blocks per track are provided) Zone 2 has 
four blocks per track) Zone 3 has five blocks per track. 
Moreover, the words of each block on each track are inter¬ 
leaved. Thus for Zone 1, Track 0, the sequence of words 
within a data section is* 
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mn 


Word 0 of Block 0 
Word 0 of Block 1 
Word 0 of Block 2 
Word 1 of Block 0 
etc. 

Each word is written as a series string of 24 bits on a 
track. Two guard bits are used to separate each word from 
its adjacent word. Since NRZ recording is to be used, the 
first guard bit timers used to turn the read or write cur¬ 
rent off or on. The second guard bit is always recorded as 
a one so that the first flux change on readout will be 
known to be a zero, lhus each zone one data track contains 
2,494 bits per data sector or a bit frequency of 1.09 me. 

Bit frequencies for zones two and three are 1.45 me and 
1.82 me respectively. 

The word transfer rate, because of the word Interleave, is 
the same regardless of the zone. At the disc nominal rota¬ 
tional speed of 1500 rpm, the word transfer rate is one word 
every 71.5 ixsec or one word for thirteen 5»5 ixsee system 
cycles. Since the speed tolerance is about ±5?6, the word 
transfer rate may run as high as one word for 12 system 
cycles or as low as one for 14 system cycles. 
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’Riis storage arrangement provides for the storage of 73*728 
blocks of data, or about 56.7 million bits of data. In 
terms of usable system Information storage, this amounts 
to more than 2,000 messages of 250 words assuming a waste 
factor of 27# as discussed In Part I. 
















QUEUEING APPLIED TO THE DISC PILE (PROPOSAL THREE) 

The queueing system best adapted to the disc file is an 
extension of the system proposals one and two discussed in 
Pa rt I, The queueing system suggested is a queue of 16 
instructions corresponding to the 16 sectors around the 
drum. The instruction for a given sector could be for any 
block within that sector and would not be limited to odd 
or even as in proposal two for the drum. Two queueing 
lists would still be provided in the Buffer Store so that 
one can be prepared by the system while the other is being 
executed by the Buffer Control - Message Store complex. 

With this queueing system the system would probably prepare 
only one queue list at a time which should occur once each 
revolution of the disc file (40 msec). Thus the system 
would have to prepare a queue more frequently than with 
the other proposals, but need only perform a 1 out of 16 
sorting rather than 1 out of 28 or 32. This is important 
in that the probability for filling a queue of 16 is higher 
than for filling a queue of 32 from a given work list. 

A comparison of the throughput for the Burroughs Disc Pile 
(Proposal Three) is compared with Proposal Two discussed 
in Part I is shown in Figure 6. For values of "c" (number 
of entries In the push-down list considered for filling the 
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queues) less than 40, the throughput Is better for Proposal 
Three. For larger values of "c", Proposal Two has the higher 
throughput. In terms of block transfers per revolution (BTR) 
Proposal Three throughput is always as high or higher than 
Proposal Two but the decreased rotational speed of the 
disc file relative to the drums results in lower throughput 
per unit time for large values of "c". 

The values for BTR for Proposal Three are derived from the 
following equation: 



BTR * B 


where B is the number of sectors around the disc. 

This equation is taken from equation (5)» Part I, except 
that the factor of one half is removed from the equation 
since any of the sectors can be utilized in each revolution 
in Proposal Three whereas only one half could be used per 
revolution in Proposal Two. Thus, for B * 16, the above 
equation reduces to: 










Summary 

Proposal Three as used with the Burroughs disc file will 
provide a Message Store capable of storing more than 
70,000 blocks of data with a throughput of 330 to 400 
blocks per sec. This throughput corresponds to a data 
transfer rate at the DAC terminals of 90 to 110 thousand 
bits per sec. for two characters per memory word and 120 
to 145 thousand bits per sec. for their characters per 
memory word. 
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